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CHAPTER I 
INTRODUCTION 
Significance of the Studx 
Gymnastic rules specify that a routine on the still rings should 
contain one strength move of at least medium difficulty. The iron cross 
and any of its variations fulfills this requirement. The investigator 
believes the iron cross is a "required elective" in any still ring 
routine whether the competition be regional, national, or international. 
A study of eighteen state high school gymnastic meets, 1969, 1970, 1971, 
reveals that all the state champion ringmen performed the iron cross.1•2•3 
Also the top six ringmen of the NCAA 1970 Championship performed 
this 4 move. 
routine. 
The cross is seemingly an integral move in any competitive 
The iron cross is a very difficult maneuver requiring strength. 
Wilshin determined the total force necessary to hold an iron cross 
averaged 14.73 pounds greater than the performer's body weight.5 For 
l"MG High School Report," The Modern Gymnast, 1219-18, August­
September, 1969. 
20MG High.School Report," The Modern Gymnast, 12:11-21, August­
September, 1970. 
3"MG High School Report, •t The Modern Gymnast, 1):10-2), August­
September, 1971. 
4"The MG NCAA Report," The Modern Gymnast, 12:21, May, 1970. 
5David B. Wilshin, "An Experimental Study to Determine the Force 
Necessary to Hold the Crucifix on the Still Rings" (unpublished Master's 
thesis, Springfield College, Springfield, Massachusetts, 1964), pp. 1-42. 
years gymnasts and their coaches have been searching for the best 
method to develop the strength reqUired to hold the iron cross. To 
develop the neces�ary strength, isotonic training· exercises have been 
6 used considerably and are still being used at the present time. 
In addition to weight training, the actual performing of the 
iron cross with additional aids has also been used. Co�ches using this 
method have utilized inner tubes attached to the rings for support of 
the body weight or have had someone hold the performer's feet while he 
lowers himself into the cross position from support.7 
The "cross machine" is another method to develop the strength 
required to hold the iron cross. This machine may be homemade, as is 
the one used in this study, or bought directly from the manufacturer.8 
The cross machine cons�sts of cables attached to weights and pulleys. 
Rings are fixed to the cables and the gymnast may adjust the weights to 
the desired poundage and perform a� isotonic exercise which resembles 
lowering to the iron cross position and pulling out to support. With 
increases in strength, more weight can be added until the necessary 
strength has been developed to hold the iron cross. 
The importance of the iron cross in any ring routine and the 
varied opinions· upon methods of developing the strength to hold the 
iron cross initiated this current research study. 
6Glenn Gailis, "Developing the Cross on the Still Rings," 
!h!!, US Gymnast Magazine, 117, January, 1966. 
7 Ibid., P• 7. 
2 
8"Crossmaster, 11 2286 Glen Canyon Road, Altadena, California, 91001. 
3 
Statement of the Problem 
The purpose of this study was to determine the most effective of 
two selected .training programs for developing the.strength necessary to 
perform an iron cross on the still rings. 
Hypothesis 
There is no significant difference among the selected training 
programs designed to develop the necessary strength to perform an'iron 
cross on the still rings. 
Limitations and Delimitations 
1. Thirty-five volunteer male freshmen from the required basic 
physical education program at South Dakota State University were used 
as subjects in this study. 
2. Only subjects under 176 pounds were utilized. 
J. Only subjects without previous experience on the still rings 
were utilized. 
4. Subjects were instructed to refrain from performing any 
exercise that would involve the muscles necessary in performing the iron 
cross. 
5. No attempt was made to measure the grip strength exerted by the 
subjects during their performance of the iron cross. 
6. Only the upper body strength necessary to hold the iron cross 
was investigated. 
7. There was no control over the sleep , diet,_�r daily living 
activities of the subjects. However, all subjects were instructed to 
remain within five pounds of their initial weight throughout the training 
period. 
Definitions of Terms 
Iron Cross. A free, fixed, vertical position on the still rings 
with the arms outstretched,  parallel to the f'loor and perpendicular to 
the body (90 degrees at the scapula-humeral articulation). Body align-
ment is vertical and the spine is in a straight line. The performer's 
head should be erect with the eyes focused directly ahead. By rules, 
the iron cross is held for a full two seconds. 
Pull out. From the iron cross position one exerts adductive 
force at the shoulder joint on the still rings to raise the body to a· 
support position . 
Support. A fixed position on the still rings with the body in 
a vertical position. The performer's weight is supported by both arms 
w1 th the hands next to •the body. 
Strength. The ability to exert tension against a resistance.9 
Cross strength. The amount of force necessary to hold the iron 
· cross the required two seconds. 
Isotonic contraction. A contraction of muscle in which_the 
4 
muscle shortens against a load, resulting in movement and the performance 
of work.lo 
9r.aurence E. Morehouse and Augustus T. Miller, Phy:siolof, of 
Exercise (sixth edition; St. Louisa C .  V. Mosby Company, 1971 � P• 58. 
lOibid. , P• 309. 
5 
Eccentric contraction. A contraction of a muscle when a resistance 
force causes tension , thereby, causing a lengthening of that muscle. 11 
Fati�e. Fatigue is the diminished capacity of the muscle to 
. 12 perform its work. 
Weight training program. Isotonic exercises utilizing barbells 
and weights designed to develop strength. 
Cross machine. Apparatus designed to aid in developing the 
strength essential to hold the iron cross. 
llPhilip J .  Rasch , Weight Training (Dubuque, Iowas Wm. c. Brown 
Company, 1966),  P• 4. . 
12Eenjamin H. Massey, et. al., The Kinesiclogy E.f Weight Lifting 
(Dubuque,  Iowas Wm. c. Brown Company, 1959) , P• 45. 
CHAPTER II 
REVliW OF THE RELATED LITERATURE 
Strength is vital to the execution of the iron cross and studies 
related to developing muscle strength were investigated. McCloy states 
that muscle strength, uis a prerequisite to superior pe�formance in any 
f'orm of sports. It is still more prerequisite to such gymnastic stunts · 
and self-testing activities as apparatus work and tumbling • • •  •• 1 • 
Although me�ods of strength development have been practiced for many 
centuries, there is still disagreement as to the best method to develop 
strength. This disagreement deemed it necessary to review literature 
pertaining to isotonic training for strength as well as basic principles 
ot strength training. 
Principles of Strength Training 
Morehouse and Miller have defined strength, "as the ability to 
exert tension against resistance ."2 Karpovich and Hunsicker, and Greey 
have stated that a major principle involved in developing strength is _ 
exercising the muscle against a gradually increasing resistance. This 
principle is often referred to as the overload principle.3•
4 
le. H. McCloy, "Forgotten Objectives," Journal of Health !.!'.E 
Physical Education, 81 461, October, 1937 . 
2Laurence E .  Morehouse and Augustus T. Miller, 
. 
Ph;rsiolof, .2f 
Exercise (sixth edition, St. Louisa c. V. Mosby Company, 1971� p. 58. 
-
3Peter K. Karpovich, Physiology of Muscular Activity (fifth 
edition, Philadelphia • W. B. Saunders Company, 1959), PP • J4-J6. 
4Paul Hu..�sicker and George Greey, "Studies in Human Strength 
!h! Researoh Quarterly, 281 109-119, May, 1957 . 
N.assey, et. al., have discussed the overload principle. They 
state: 
.. Strength can be increased only by the muscle contracting 
against a resistance that calls forth effort. . The degree of 
increase depends upon the degree of resistance, with maximal 
strength being produced by maximal effort. During this 
training, as a muscle increases in size and strength, the 
load against which the muscle is working (developing tension) 
must become progressively greater and greater."5 
The authors also state that strength and enlargement of muscles 
7 
demand a high rate of work which means a very heavy load and few repeti-
6 
tions. 
Morehouse and Rasch state the following about developing strength: 
"Muscles grow larger and stronger only when required to perform 
tasks that place loads on them which are over and above previous 
requirements. Exercises in which muscles are made to contract with 
maximal . intensity, and which the contraction i.s held for a few 
seconds, yield the greatest results."7 
Hellebrandt and ltoutz agree that both strength and endurance 
increase when repetitive exercise is executed against heavy.resistance. 
They also state that the rate of improvement depends upon the degree to 
8 
which a person is willing to overload his muscles. 
More_ho�se and Miller have proposed a "Deinhibi ti on Theory" of 
strength training. This theory is two-folds · The first aspect is 
5Benjamin ·H. Massey, et. al., The Kinesiolog;v of" Weight 
Lifting (Dubuque, Iowa: Wm. c. Brown Co., 1959), P• 53. 
6Ibid., P• .54. 
?Laurence E. Morehouse and Philip J. Rasch, Scientif"ic Basis of 
Athletic Training (Philadelphia: W. B. Saunders Company, 1958), p. 120. 
8F. A. Hellebrandt and s. J. Houtz, "Mechanisms of Muscle Training 
in Viani Ari. EXperimental Demonstration of the Overload Principle," 
Physical Therapy Review, 36:371, June , 1956. 
morphological which deals with the known fact that strength developing 
weight training programs result in increases in the thickness and 
toughness of the connective tissue within a muscle. The sensory organs 
of muscular contraction inhibition, like the Golgi tendon organ, are 
located in this connective tissue. This theory purports that because 
of the thickening of the connective tissue, the Golgi tendon is shielded 
from muscular tension and there is a decrease in its sensitivity to that 
8 
tension. Therefore, a greater degree_of tension can be reached before the 
Golgi tendons are activated to stop the muscular contraction.9 
The second aspect of the uDeinhibition Theory,. is behavorial; in· 
that it deals �Tith a person's increasing ability, with training, to over-
come his psychological inhibitions and allow himself to exert a greater 
capacity of his strength. Through training experience, a person learns 
to adapt to greater temporary discomfort and permits an increase in 
performance. The innate fear of disrupting the normal homeostasis 
10 balance is partially overcome. 
In addition to strength gains due to overcoming the body's inhibi­
tory processes, it is pointed_ out that at the begiru1ing of any strength 
training program the initial strength gains may not be due to only muscu-
lar changes, but also due to a gain in skill in performance of the 
. 11, 12, 13 prescribed exercises. 
9r�orehouse and t1iller, loc. cit., pp. 67-68. 
lOibid. 
llibid.·, p. 66. 
12Massey, et. al., loc. cit., P• 7. 
13philip J. Rasch, Weight Training (Dubuque, Iowa: Wm. c. Brown 
Company, 1966), pp. 31-32. 
9 
Rasch and Morehouse state that when muscles were tested in the 
position they were exercised, they showed significant gains in strength; 
but when they were tested in an unaccustomed position the gains were not 
present.14 
Massey has reconnnended alternating rest with activity as another 
principle of strength training. He states that to buil4 strength one 
should work out only once every other day. It was also recommended that 
there be at least three minutes of rest between sets of repetitions 
during the workouts.15 
The theory behind alternate rest and activity is that the rest 
period be sufficient to allow the blood to circulate through the 
exercised muscle and remove the waste products built up because of the 
physiological effect of fatigue. Training every other day allows the 
,. 
body time to replenish the fuel depleted during exercise. The rest 
period also allows the tissue broken down during exercise an opportunity 
to rebuild itself.16 
Morehouse and Miller.write that.specificity is another principle 
of strength training. This suggests that one should train for the task 
to be performed.17 In relation to developing-the necessary strength to 
14Philip J. Rasch and Laurnece E. Morehouse, "Effects of Static 
and Dynamic Exercises on Muscular Strength and Hypertrophy, " Journal of 
Applied Physiology, 2a29-J4, July, 1957. 
l�ssey, et. al., loc. cit., P• 55. 
16a. Harrison Clarke, Clayton Shay, and Donald-Mathews, "Strength 
Decrements of Elbow Flexor Muscles Following Exhaustive Exercise," 
Archives E:!. Physical Medicine � Rehabilitation, 351560-561, September, 
17Laurence E. Morehouse and Augustus T. Miller, Physi6l)gy of Exercise (fifth edition; St. Louisa C. V. Mosby Company, 19 7 , p. 49. 
10 
hold the iron cross, Tanaka states that the major arm adductors involved 
in the iron cross are the pectoralis. major, coracobrachialis, teres 
major, teres minor, subscapularis, infraspinatus, and the lattissimus 
18 
dorsi. 
Isotonic Training for Strength 
Delorme and Watkins initially advocated that 70 to 100 repetitions 
be performed in seven to ten sets with ten repetitions per set for 
developing strength. These authors have further investigated their 
procedures and now advocate three sets of ten repetitions each. The 
first set is performed with one-half of the weight of the ten repetition 
maximum, the second set with three-fourths the ten repetition maximum 
and the third set with the ten repetition maximum. The authors state 
that three .sets with gr�dually increasing loads offer the advantage of 
warming up the muscle but that it probably does not contribute toward 
19 
increasing the muscle's strength. 
Asa studied the effects of isometric and isotonic exercises on 
the strength of skeletal muscle. He divided his subjects into two 
groups. One group used a form of isometric training for strength and 
the other used the Delorme method. For a twelve week period the abductor 
digiti quinti muscle was exercised by all the subjects. At the end of 
18
James L. Tanaka., "A Mechanical Analysis of the Iron Cross in the 
Sport of Gym..�astics" (unpublished Master's thesis, Florida State Univer-
sity, Tallahassee, Florida, 1956), PP• 1-70. · 
19Thomas L. DeLorme and Arthur L. Watkins, Progressive Resistance 
(New Yorki Appleton-Century-Crofts, Inc., 1951), pp. 24-28. 
ll 
the twelfth week both groups were tested for isotonic and isometric 
strength with no significant difference resulting between the groups.20 
Ra.sch.and Morehouse studied the effects of a six week program of 
isotonic and isometric exercises on forty-nine male subjects. Twenty-
four subjects performed isometric exercises and the other twenty-five 
performed isotonic exercises. The isotonic group exerc�sed every 
Monday, Wednesday, and Friday utilizing three sets of five repeti�ions 
� 
for the bicep curl and military press. Each subject performed exercisos 
with the five repetition maximum established at the beginning of the 
training period. Work loads were increased as the subjects gained in 
strength. The isometric program consisted of three sets of two-thirds 
maximum contraction for fifteen seconds with a three minute rest period 
between setso The subjects were measured for arm strength by using a 
strain gauge d.ynamometer. The results indicated a significant gain at 
the .01 level of confidence for the isotonic group but not for the 
isometric group. The authors suggest that isotonic exercise, because of 
its immediate gains, is better psychologically as well as physiologically. 
Many of the isometric exercise group expressed .a dislike for the exercise 
21 
because of its boring nature. 
Berger has studied the effects of programs of two, four, six, 
eight, ten, and twelve repetitions on the development of strength. The 
test used at the beginning and end of the program t� determine strength 
2� M. Asa, "The Effects of Isometric and Isotonic Exercises 
on the Strength of Skeletal Muscle" (unpublished Doctoral dissertation, 
Springfield College, Springfield, Massachusetts, 1959), PP• 11-116. 
21-philip J. Rasch and Laurence E. Morehouse, lot cit., PP• 29-34. 
12 
was to lift the maximum weight possible through one repetition of the 
bench press. The results of the study indicated that all of the programs 
significantly improved strength but weight training programs using 
between three and nine repetitions were better for the improvement of 
strength.22 
Walters attempted to determine the effectiveness of weight 
training programs us�ng high and low repetitions in the development of 
muscular endurance and strength of the arms. One experimental group 
used ten to twelve repetitions per set and the other executed twenty to 
twenty-two repetitions. Strength was determined by a maximum. contraction 
in the bench press and the curl. The results of the study indicated that 
ten to twelve repetitions were significantly better than twenty to 
twenty-two in the measurements of strength and endurance.23 
Greenwood studied#the effects of the traditional strength training 
program on muscular strength and trunk flexion. The training program 
lasted for six weeks and all the subjects met on Monday, Wednesday, 
and Friday for the treatment. Ten exercises using three sets of eight to 
ten repetitions were employed in the study. The results of the study 
indicated a significant gain in strength as measured by the Roger's 
Physical Fitness Index and the Larson Strength Test, as well as an 
22Richard A. Berger, "Optimum Repetitions for the Development of 
Strength," The Research Quarterly, 33:334-338, October, 1962. 
23B. R. Walters, "The Relative Effectiveness of High and Low 
Repetitions in Weight Training Exercise on Strength and Endurance of the 
Arms" (unpublished 1'1aster's thesis, The University of Iowa, Iowa City, 
1949), PP• 12-21. 
increase in the amount of flexion as measured by the Iowa Test of 
Motor Fitness.24 
Berger also investigated the effects of traditional weight 
training programs using& (1) three sets and two repetitions, (2) three 
sets and six repetitions and (3) three sets and ten repetitions on the 
development of strength. Strength was measured by knee extension and 
the subjects were te.sted for both static and dynamic strength. The 
results of the study indicated that a�l the programs significantly 
increased strength; however, there was no significant difference among 
the three treatments.25 
Capen studied 149 male students in an investigation of four 
weight training programs designed to develop strength. The subjects 
were divided into four groups : (1) one set of eight to fi:fteen repeti­
tions, (2) one set of eight to fifteen repetitions and a second set ot: 
13 
five repetitions, (3) three sets of five repetitions, and (4) three sets 
using only one repetition per set. The subjects were further divided 
into groups exercising three and five times per week. There was no 
significant difference among the groups when examining repetitions and 
sets. But the results did indicate that exercising three times per week 
24David H. Greenwood, "The Ef'fect of' a Weight Training Program 
Upon Strength and Trunk Flexion of' Football Players at South Dakota State 
University"· (unnublished Master's thesis, South Dakota State University, 
Brookings, 1961); pp. 16-39. · · 
25Richar d A. Berger , "The Effects of Selected Programs of' Pro­
gressive Resistance Exercise on Strength, Hypertrophy, and Strength 
Decrement" (u_-r1published Master's the sis, .Michigan State University, 
East Lansing, 1956), pp. 1-56. 
274261 
--· ·- ! �r· .._.. 
was significantly better than training five times a week for the three 
t f f. t• t• . 26 se s o ive repe 1 ion maximum. 
In specifically training for the iron cross, Lynn and Solomon 
14 
advocate isotonic exercises. These authors indicate that the acquisition 
of a cross involves five or more months of strict adherence to rigorous 
training. The most effective exercise was the pulley-weight training 
machine and daily isotonic contractions beginning with three sets of ten 
repetitions and a work load of one-fo�rth the gymnast's weight was most 
effective.27 
Glenn Gaillis, 1965 NCAA and USGF Ring Champion, advocates that . 
a hardworking gymnast attempts fifteen crosses each practice session. 
Gaillis also believes "that the initial strength required for the iron 
cross should come from �eight training."28 In practice, once the cross 
has been held from three to six seconds, one should "pull out" with the 
aid of someone pushing upward on the feet to return to the support 
position. 
Harris investigated the effects of isometric and isotonic exercises 
for_ developing strength for_the iron cross. Seventy-eight freshmen from 
the required physical education program were diVided into six groups& 
26Edward Capen, "Study of Four Programs of Heavy Resistance 
Exercise for Development of Muscular Strength," The Research Quarterly, 
27:54-57, May, 1963. 
27Bob Lynn and Ben Solomon, "Progressive Trai:riing with Pulley­
Weights," � Modern Qymnast, 8sJO, Augus-t-September, 1966. 
28cJ.1enn Gaillis, "Developing the Cross on the Still Rings," 
� u. �. Gym.nast, 1:7, January, 1966. 
Group A (Isometrics Testing Apparatus Exercise)• Press down 
maximally while in a cross position for three bouts, each-bout of six 
seconds, with a two-minute rest period between bouts. 
Group B (Isotonic a Regular Cross Attempt Exercise) a This 
exercise involved lowering down to the cross position and jumping back 
to support position. Three bouts consisting of six att�mpts, with a 
two-minute rest period between bouts was the procedure for this group. 
15 
Group C (Isotonic a Inner-Tub& Exercise) a With the aid of an 
inner tube under the feet, the subject lowered down to the cross position 
and pulled back out to a support position. This exercise involved three 
bouts, each bout consisting of ten repetitions, with a two minute rest 
period between bouts . 
Group D (Isometric a Arms Through Straps Exercise) a With the 
arms through the straps of the still rings each subject performed two 
bouts of an isometric cross exercise. Each bout consisted of six 
seconds, with a two minute rest period between bouts. 
Group E (Isotonic a Inner-Tube Exercise) a This group was similar 
to Group C except that two bouts, each consisting of ten repetitions, 
With a two-minute rest period between the bouts was employed. 
Group F (Isometrics Arms Through Straps Exercise)& This group 
was similar to Group D except that three bouts, each bout of six seconds 
duration, with a two-minute rest period between the b�uts was executed. 
All the groups exercised once daily, five times per week for 
six weeks. Each group was tested for arm adduction strength at the 
beginning and the end of the six weeks by means of a cable tensiometer 
apparatus • . Also, every Friday arm strength was measured again _by the 
tensiometer apparatus to establish progressions in strength gains. 
Harris indicates that the mean arm strength of all the groups 
improved but there was no significant gain by any one group over the 
others. The isotonic group tended to show consistent, progressive 
improvement while the isometric groups showed little or no improvement 
until the second or third week, and then tended to catch up to the 
isotonic groups. 29 
Summary. There are various principles involved in training for 
strength. The most important principles are overloading �he muscle, 
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alternate rest and activity, and specificity. Two additional explanations 
of why strength increases are the Deinhibition theory and skill acquisition 
in doing a particular exercise. It is also important to note that 
isotonic exercises of the progressive resistive nature tend to produce 
strength improvements but there is no general concensus as to which is 
the best method. 
29
Robert H. Harris, "Effects of Selected
.
Isotonic and Isometric 
Exercises for Developing Strength For the Iron Cross" (unpublished 
¥laster's thesis, Michigan State University, East Lansing, Michi gan , 1965, 
pp. 1-45. 
. 
Source of the Data 
CHAPTER III 
METHODS AND PROCEDURES 
The subjects for this study were 35 male freshmen registered in 
basic physical education for the spring semester (1972) at South Dakota 
State University. All of the subjects were without previous experience 
on the still rings. The subjects' we1ghts ranged under one hundred 
seventy-six pounds. 
Organization of the Study 
This study investigated the effects of two selected training 
programs designed to develop the strength for an iron cross on the 
still rings. Two treat.ants were administered and a control group was 
utilized. The two exercise programs were designated as (A) Ring ma.chine 
group and (B) Weight training group. The control group of twelve volun­
teers was enrolled in a basic physical educ�tion class of power volleyball 
at South Dakota State University. The experimental program was conducted 
from February 7 through April 10, 1972. 
Each exercise group met on Monday, Wednesday, and Friday of each 
week and performed their respective exercise programs. The prescribed 
exercis�s for the weight training program appear in Appendix A. The 
control group met on Monday and Wednesday of each week for their class 
in power volleyball. 
Initially, the subjects' weights were measured and recorded to the 
-nearest pound. Because of conflicts in class schedules, it was necessary 
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to form the experimental groups by the time the subjects could meet 
with the investigator. From this knowledge, the two groups . were formed. 
Treatments were randomly assigned with the ring machine group meeting 
at various times in the day and the weight training group meeting at 
7:30 a.m. Each subject trained at the same time each day of the nine 
weeks. 
A pre-test of .cross strength was ad.ministered to each group on 
February 7, 1972. A post-test of cross strength was administered on 
April 14, 1972. The tensiometer cross strength test was also administered 
every Friday of each week during the nine week experimental.program. 
Starting with the sixth week and at two week intervals thereafter each 
subject attempted an iron cross on the still rings and either passed or· 
failed this practical test. 
Collection of the Data 
Tvro tests were administered in this study. The tensiometer cross 
strength test was administered to establish the subject's strength while 
in a simulated iron cross position. The cross strength tests were also 
used to establish graphic descriptions of the subject's strength. 
The practical iron cross test was admiID:stered during the sixth, 
eighth, and ninth weeks to determine if the subjects had developed enough 
strength to hold the iron cross. This information could only be deter­
mined by this testing procedure. 
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Iron Cross Tensiometer Strength Test. Strength has been defined 
as the ability to exert tension against resistance.I Iron cross strength 
was measured for �ach subject while the subject was in a simulated iron 
cross position, Tensiometers were used to record the amount of tension 
a subject exerted while in this position. The tensiometers were used to 
determine the total cross strength for both the left an� right arm. The 
data collected were converted into pounds tension and recorded to the 
nearest hundredth pound. 
Two· cable tensiometers were used to determine cross strength� 
Clarke has evaluated four instruments including the cable tensiometer 
tor recording muscle strength and indicates thats 
As re.fleeted by objectivity coefficients, the cable tensiometer 
had the greatest precision for strength testing. It was the most 
stable and generally useful of ·the instruments; and was free of 
most of the faults of the other devices. (Wakin-Porter Strain 
Gauge, Spring Scale, and Newman Myometer.) 
The objectivity coefficients for tests obtained with the tensio­
meter varied between ,90 and ,95. The precision thus indicated was 
constantly higher than for the other instruments.2 
lLaurence·E. Morehouse and Augustus T, Miller," Physiolor;: of 
Exercise (sixth edition; St. Louisa C, V. Mosby Company, 1971 � P• 58, 
2H. Harrison Clarke, "Comparisons of Instruments for Recording 
Muscle Strength, .. The Research Quarterly, 251398-4o4, December, 19.54. 
Other studies by Clarke3 , 4 ,  5 and by Kennedy6 found similar 
objectivity ratings for the tensiometer as previously mentioned. 
Alderman and Banfield determined the reliability of the cable 
ten siometer to range from . 74 to . 98. The authors mea sured the strength 
of eight upper body parts to determine the above reliability.
7 
Clarke and Munroe determined the reliability of the tensi ometer 
to range from . 92 to . 96 when measuring certain flexion and ex.tension 
8 strength te sts .  
A study by Wilshin determined the force nece ssary t o  hold the 
iron cros s .  Thi s force was calculated t o  b e  a n  average o f  14. 73 pounds · 
greater than the average weight of the subjects .  Wilshin used two 
tensiometers in much the same manner a s  i s  de scribed in thi s investi­
gator ' s iron cross stre�gth test de scription.
9 
3rr. Harri son Clarke , "Tensiometers for Strength Te sts , "  The 
Re search Quarterly, 19 : 118, May ,  1948. 
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4ir. Harrison Clarke , "Improvement of Objective Strength Te sts of 
Muscle Groups by Cable Tension Methods , " The Research Quarterly, 23 : 399 , 
December, 1950. 
5H. Harrison C larke , "New Objective Strength Te sts  of Muscle 
. Group s  by Cable Tension Methods , "  The Re search Quarterly, 23 : 136 , May, 
1952 . 
6Frank T .  Kennedy,  "Tensiometers as a Substitute for the Dynamo­
meter, " The Re search Quarterly, 30 : 179 , May, 1959. 
?Richard Alderman and Terry Banfield , "The Reliability Estimation 
in the Measurement of Strength , " The Re search Quarterly,  40 : 448-454, 
October, 1969.  
8ii. Harrison Clarke and Richard Munroe , Te st r1anual Oregon Cable­
Tension Strength Te st Batteries :f.E£. Boys � Girls from Fourth Grade 
Through C ollege , }Iicrocard Publications in Health, Physical Education and 
Recreation, 197 0 ,  p .  4 .  
9navid B . Wilshin , "An Experimental Study t o  Determine the Force 
Nece s sary to Hold the Crucifix on the Still Rings , " (unpubli shed Master ' s 
thesi s , Springfield C ollege , Springfield, Nass . , 1964) , pp . 1-42 . 
Robert Harris used the cable tensiometer (Clarke method)lO to 
deter.mine arm adduction strength. This author was interested in 
developing strength for the iron cross except that he did not measure 
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the actual cross  strength of individuals but simply their arm adduction 
strength. 11 Arm adduction strength as  measured by a tensiometer using 
Clarke ' s  method does not truly measure cross strength as defined herein . 
Cross strength is  the amount of force applied to a ·set of rings while 
in the iron cross  position. 
Descri·ption of the Iron Cross Strength Test. In the present _study, 
a cable tensiometer was placed on each cable of the testing apparatus to 
measure iron cross strength (tensiometer #9444 on the right arm apparatus 
and tensiometer ffeNA on the left arm apparatus ) Figure 1 .  The subject 
stood with hi s feet approximately shoulder width apart , directly between 
the two tensiometer cables.  The subject was instructed to abduct his 
arms until a 90 degree angle (measured by a goniometer) was reached in 
the scapulo-humeral articulation of the shoulder.  The tensiometer 
apparati was raised or lowered according to the height of each out-
stretched hand. The subject. was directed to remain erect with his eyes 
focused straight ahead. The subject grasped the straps and ·without any 
flexion or extension of the wrists , was instructed upon the commands of 
' 'ready-set-go" to adduct the arms in a maximum contraction for 
10 Clarke , loc .  cit. , P •  19. 
11Robert H. Harri s , "The Ef.fects of Selected I sotonic and Isometric 
Exercise s For Developing Strength For the Iron Cross" (unpubli shed 
Master ' s  thesi s ,  IYlichigan State University, East Lansing , Michigan , 1965) , 
pp .  1-45. 
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igure 
approximately two seconds. As the subject contracted the adduction 
muscles the tensiometers on the cable apparatus registered his maximal 
contraction of each arm. The investigator and ano"ther person took 
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the readings from the tensiometers as indicated by the maximum pointe� 
on the tensiometer. This score was recorded to the nearest one 
hundredth of a pound from the conversion chart in Appendix B and c .  
Atter t�e first contraction a two-minute rest period was allowed. A 
second trial was administered and again the scores were recorded. An 
average or the two trials was used for the subject' s cross strength ' 
score. All raw scores for the nine iron cross tensiometer . strength are 
found in Appendices D, E, and F. 
Description of the Practical Iron Cross Test. On Friday of the 
sixth, eighth, and nin h,. week a practical iron cro,ss test was adminis­
tered. The practical iron cross test was administered to determine if 
enough strength had been developed to hold the iron cross. Two trials 
were permitted with a two minute rest period between the tests. 
Each subject either passed or failed his performance of the iron 
cross test upon the subjective evaluation of ·the investigator and two 
experienced gymnasts. Such subjective evaluation is the method used in 
judging most gymnastic routines. 
The subjects were familiarized with the fundamentals or the iron 
cross before each practical test. The subjects were told to keep their 
arms straight, their head in an erect position, not to arch their back, 
and to try and stop in the position where their shoulder joint would be 
in a 90 degree angle to their vertical trunk. No specific warm-up was 
prescribed . but the subjects. were encouraged to warm-up as they wished. 
24 
The subject mounted the still rings and was aided by a partner to 
rise above the rings to a support position. On the commands of "ready­
set-go" the subject lowered himself to the iron cross position if 
possible. The investigator and two members of the South Dakota State 
University gymnastics team viewed the subject and either passed or 
tailed the subject on his performance or this practical
.
test. 
The criteria for failure or the practical iron cross test werea 
(a) Subject did not hold the cross for two seconds. 
( b) Subject did not lower himself to the point where the 
scapulo-humeral articulation was at right angles to 
his vertical trunk. 
(c) Subject had an extreme degree or wrist tlexion or extreme 
extension. 
(d) Subject bent arms at the elbows during his performance. 
Administration of the Treatment 
Group A was randomly designated as the Ring Machine group. Each 
subject in this group performed his prescribed exercises on the ring 
machine. In performing the exercises on the ring machine, the subject 
would grasp the rings as .shown in Figure 2. The subject would then apply 
force on the rings in a downward fashion while . keeping the arms as 
straight as possible. As the subject applied the force, the weights 
attached to the cables would then become the resistance. The subject 
had to apply enough force to raise the weights off th� stand. This 
downward action was terminated when the hands reached the sides of the 
-
body. The weights were then eccentrically lowered to the starting 
position. 
2.5 
( 1 )  (2 ) 
(J)  
Figure 2 
Ring Ma.chine Apparatus 
The maximum weight that the subject c ould lift through six 
repetitions wa s e stabli shed by trial and error at the beginning of the 
training program. This . six repetition maximum was used a s  a starting 
workout weight for ' -the subject and wa s raised when the subject could 
perform three bouts of the exercise . Thi s group performed three time s 
per week , at the same time of day on Monday, Wedne sday, and Friday. 
The total number of c�mtractions per week was fifty-four for this group. 
Each workout period wa s approximately fifteen minutes in length for 
each subject. 
Group B wa s designated a s  the Weight Training exerci se group . 
This group performed the bench press,  the military pre s s ,  bent rowing , 
and lattis simus exerci se s during each training period. The bench press , 
military pre s s ,  and latti s simus exercises were performed on a Universal 
.. 
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Gym. The bent rowing exerci se was performed with regulation barbells and 
Olympic weights .  These four weight training exercises were admini stered 
because each works one or more of the major muscles involved in a� iron 
cross establi shed by Tanaka . 12 C omplete descriptions of the se exercises 
and the muscle s used in each are found in Append.ix A. 
As with the ring ma.chine group , an initial six repetition maximum 
was e stabli shed for each exerci se through the trial and error method. 
This six repetition plan was used every training period. Each Monday the 
subjects· performed a maximum contraction for each of the four exercise s .  
12Jame s L. Tanaka , ''A Mechanical Analysis of the Iron Cross i n  the 
Sport of Gymnastic s" (unpubli shed Master ' s  the si s ,  Florida. State University, 
Tallahassee , Florida , 1956 ) ,  PP • 1-70. 
From this maximum contraction the workout load was established. The 
initial workout load was approximately 80 percent of the maximum. The 
workout weight for each exercise was increased when . necessary as the 
subjects increased in strength. Ten pound increments were used for ail 
the exercises except for the bent rowing exercise. This exercise 
station was capable of five pound increments . 
Group B met every Monday, Wednesday, and Friday at 7 • 30 a . m. for 
the full nine weeks . A single individual' s workout time was approxi­
mately one-half an hour per training period. 
Group C was designated as the C ontrol group. These twelve sub­
jects were enrolled in a power volleyball course at . South Dakota State 
University . The investigator used this group for his control because 
it did not seem likely that they would exercise the muscles specifically 
involved in the iron cross . The control group met two times per week 
for forty-five minute class periods . The class met for nine weeks, With 
. a total of 18 class periods, which corresponded to the nine weeks that 
the experimental groups were in training. 
CHAPTER IV 
Al�ALYSI S AND DISC USSION OF RESULTS 
Organizati on of the Da ta for Analysi s 
The purp o se of thi s study wa s to determine the mo st e ffective of 
two selected training proc edure s for developing the strength nec e s sary 
to perform the .i ron cro s s  succ e s sfully on the still ring s .  The data were 
organiz ed t o  permit analysi s of physical change s that took pla c e  due to 
nine weeks of the selected training programs . 
The study wa s c arri ed· out beginning on February 7 ,  and ending on 
April 10, 1972 . An i ron c ro s s  strength te st , a s  mea sure d  by cable tensio-
meters ,  wa s admini stered every Friday during the training peri od . �Iean 
sc ore s for the ring mac�ine group and the weight training group were 
taken on nine di fferent te sting date s .  The c ontrol group wa s only pre ­
te sted and p o st-te sted for iron cro s s  strength . Table I sh ows the mean 
sc ore s for the total iron cro s s  strength te sts admini stered during the 
experimental program. Figure 3 shows the means score s for t otal iron 
cros s  strength a s  plotted on a weekly ba si s .  The raw sc ore s for the nine 
ten si ometer cro s s  streng th te sts are found in Appendix D, E, F. 
The stati stical treatment which wa s appli ed to the data to c ompare 
the strength change s  among the three group s from Te st I to Te st IX wa s  
the analysi s o f  c ovarianc e and Scheffe ' s  method for determining signifi-
cance by c omparing me a.n s .
1 
The !-ratio stati stical proc edure for 
1Jerome c .  Weber and David R . Lamb , Stati stic s  and Re search in 
Phvsical Educati on ( St .  Loui s :  The C .  V .  Mosby C ompany, 1970), pp . 146-
157 . 
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dependent means wa s utilized to determine if the traditional weight 
training program and if the ring machine program did significantly alter 
the subject s ' strength . The . 05 level of c onfidence wa s cho sen a s  the 
minimal level of c onfidence in order for a mean differenc e to be c on-
sidered significant . 
Te st 
I 
II 
III 
IV 
v 
VI 
VII 
VIII 
IX 
aR . M. 
bw T • • 
TABLE I 
. TABLE OF MEANS FOR TOTAL 
IRON CROSS STRENGT'tl 
R . M. _
a W. T . b 
GROUP GROUP 
( lb s .  tensi on ) ( lb s .  tensi on ) 
75. 235 ?7 . 785 
78. 840 BJ. 825 
78. 906 81 . 550 
83. 416 85. 631 
84 . 490 85. 283 
84. 022 86 . 153 
86 . 030 87 . 769 
85. 008 88. 930 . 
85. 007 88. 756 
= ring machine group 
= wei ght training group 
CONTROL 
GROUP 
( lb s .  tensi on ) 
?J. 465 
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FIGURE J 
TOT.AL CROSS STRENGTH IN POUNDS TENSION 
Anabsis of the Data 
The results of the analysis of covariance statistic comparing 
the changes from Test I
.
to Test IX among the three groups for the 
cross strength means are shown in Table II. 
TABLE ll 
SUMMARY OF ANALYSIS OF COVARIANCE . _ 
SS SS SP SS d:f MS F* 
Source pre post post post 
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Treatments 113. 099 1356. 879 365. 868 904.464 2 452 . 232 19. 469 
Error 4963. 682 2905. 724 3293.773 720. 060 34 23. 228 
Total 5076 . 781 4262 . 603 3659.641 1624. 524 
*'. 05(2/34) = J. 26, F. 01(2fJ4) = 5 . 27 
The F-rati o  of 19. 469 indicated a significant difference beyond 
the . Ol level of confidence among the three groups as compared to a 
required F-ratio of 5 . 27 needed to reach the . 01 level of confidence .  
The results of Scheffe 's comparison among the three groups on 
iron cross strength are shown in Table III. The differences between 
adjusted post-training means were tabulated as well as the corresponding 
differences between pre-training me�ns . The S value of 6 • .54 refers to 
the magnitude needed for the W value in order for the groups to differ 
from each other at the . 05 level of confidence . The W . value of 1 . 039 
for the ring machine vs . weight training groups was not found to be 
-
significant. The W value of 22 . 624 for the ring machine vs. control 
group was found to be significant beyond the needed S value of 6
 • .54. 
It was round that the W value or J4. J45 for the weight training vs .
· 
control group wa s also significant beyond the needed S value or 6 • .54. 
Variable 
Iron 
Cross 
Strength 
TABLE III 
COMPARISON OF GROUP DIFFERENCES 
IN IRON CROSS STRENGTH 
Groups C ompared . 
Ring machine vs . weight training 
Ring ma.chine vs . control 
Weight training vs . control 
S . Value * W Value 
1. 039 
22 . 624 
*S value refers to the magnitude needed for W in order for the groups 
to differ from each other at the . 05 level of confidence .  
The t-ratio stati stical procedure for dependent means wa s utilized 
to detennine if the traditi onal weight training method did significantly 
alter the subject ' s strength for the specific exerci ses he performed. 
Raw score s for the subject ' s  one repetition maximum. (lRM) on the pre-test 
and p ost-te sts ror all exerci se s are found in Appendix G. Table IV 
summarize s the changes for Te st I and Te st IX. It can be seen in the 
table that the means for all the exerci ses had significantly improved 
from Test I to Te st IX beyond the . Ol level of c'onfidence . 
The j!-rati o for dependent means wa s also used to determine if the 
ring mac�ne group made significan� .increases in strength. Appendix H 
give s the one repetition maximum for the ring machine exerci se for both 
Test I and Te st IX .  Table V shows a significant improyement for the ring 
machine group for their one repetition maximum strength te st
. 
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TABLE IV 
CHANGES WITHIN WEIGHT · TRAINING GROUP 
FOR ONE REPETITION MAXIl1ill1 FROM TEST I TO TEST IX 
VARIABLE TEST I TEST IX SE 
MEAl� MEAN d d t* 
Bench 
Press  
Strength 138. 333 167 . 500 29 . 167 3. 264 8. 936 
(lbs . ) 
Bent 
Roldng 
Strength 122 . 917 155. 833 32 . 916 4. 890 6. 730 
(lbs . ) 
Lati ssimus 
Exerci se 36 . 667 4. 326 Strength 138 • .333 175 . 000 
8 . 476 
(lbs , )  
Military 
Pre ss J. 490 4. 540 
Strength 127 . 500 14J. 333 
15. 83.3 
(lbs , ) 
*t
. 05
<11)  = 2 . 20 t . 01 <11) = J. 11 
TABLE V 
CHANGES WITHIN RING :MACHINE GROUP 
FOR ONE REPETITION MAXIMUM FROM TES·r I TO TEST IX 
VARIABLE 
One repetiti on maximum 
TEST I 
MEAN 
60 . 455 
1. 05(10) = 2. 23,  t . 01<10) = 3. 17 
TEST IX 
MEAN d 
SE 
d 
2 . 862 
t* 
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Discussion of the. Results 
The results of the statistics applied to the data obtained in thi·s 
study indicate that the ring ma.chine and the weight training groups made 
significant increases in iron cross strength over the control group. 
Results also show that there was no significant difference between the 
ring machine group and the weight training group on the development of 
iron cross strength. 
The significant gains in strength of both the ring ma.chine and the 
weight training group concurs with the literature which indicates that 
strength is developed by following a training program which includes 
progressive resistant exercises.2 • 3, 4, 5 The initial iron cross strength 
gains within the first two weeks of the training period seems to be in 
agreement with authors wh9 hypothesize that initial strength gains are 
not only due to muscular changes but also because of a gain in skill in 
performing the prescribed exercises.6• 7 • 8 
2Louis Bowers, 0Effects of Autosuggested Muscle Contraction on 
Muscular Strength and Size, " . Th! Research Quarterly, 37 1 302, October, 1966. 
Jsen jamin H. Massey, et. al., The Kinesiology of Weight Lifting 
(Dubuque, Iowa s Wm. c .  Brown Company, 1959) , P• 53. 
4navid H.  Greenwood, "The Effect of a Weight Training Program 
Upon Strength and Trunk Flexion of Football Players at South Dakota 
State University" (unpublished Master' s thesis, South Dakota State 
University, Brookings, 1961 ) , PP • 16-J9 • 
.5patrick O ' Shea "Effects of Selected Weight Training Programs on 
the Developmont of Str�ngth and Muscle Hyp�rtrophy, " The Research 
Quarterl�, 37 1 95-102 , Marc�, 1966 .  
6raa.urence E. Morehouse and Augustus T. Miller, - Physioloj7 
of 
Exercise (sixth edition; St. Louisa The C. V. Mosby Co., 1971 � P • 66. 
?Massey, et. al., op . cit., P• 7. 
8Philip J .  Ra sch, Weight Training (Dubuque, Iowa 1 Wm. c . Brown Co., l966) , PP •  31-32 .  
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Weekly variation s  in strength f or both the left and right arms 
appear in Figure s 4 and 5.  The se graphic de scription s indicate that 
proper strength training exerci se s tend to develop bilateral symet�ical 
strength . That i s ,  the weaker arm will improve in strength t o  a greater 
extent than the str onger arm in an attempt to balance the b ody ' s strength . 
The ring machine group ' s differenc e between right and left arms 
in the pre-te st of i ron cross strength wa s 3, 87 p ounds ten si on .  I n  the 
po st-te st the differenc e wa s only . 91 p ounds ten sion � Similar re sults 
were shown for the weight training group . Their initial difference in 
iron c r o s s  strength wa s 1. 25 p ound s ten si on whereas their final differenc e  
wa s only , 14 p ounds tension , 
It i s  important t o  note that only one subject , M. B , , in the 
ring machine group , wa s left handed ,  A s Fi gure 4 and 5 p oint out , each 
group tended to be much st;onger in the right arm at the beginning of the 
training program, Thi s might have been because of the dominance of 
right-handed sub j ect s ,  But a s  the training program progre s sed the left 
arm sc ore s  tended to catch up with the right arm sc ore s .  
N o  subject pa s sed any of the prac tical iron c r o s s  t e s t s ,  Two 
subject s  were very clo se to developing the required strength for the 
iron cro s s  (D, B . and J, F. of the weight training group ) .  Each of the se 
subject s experienced a momentary pause in their final practical i r on 
cro ss te st while in the c orrect iron c r o s s  positi on .  However , the pau se 
did not la st for the required two seconds that i s  needed for c ompetitive 
gymna stic s ,  All the other subjects " fell through" the iron c r o s s  p o siti on 
Without any pause what soever.  Thi s situati on may have been caused by a 
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variety of factor s .  I t  i s  thi s inve stigator ' s  opinion that the training 
period wa s not long enough to elicit . the needed strength improvements to 
hold an iron cro s s .  Another rea son may have been that the subject s ,  
being without experience on the still ring s ,  simply needed much more 
initial strength in c ompari son with their body weight . 
Thi s  c onclusion seems to be in agreement with Harri s who trained 
seventy-eight fre shmen with i sometric exerci se s and i sotonic exerci se s 
to develop strength tor the iron cross • None or the se subjects had any 
experience on the still rings . Harri s concluded that at the termination 
ot the six week s training peri od, the six selected exerci se s  did elicit 
a sign:1£icant improvement in the subjects ' arm strength but it wa s not 
enough strength to perform the iron cross on the still ring s .
9 
The 
inability to hold the iron cro s s ,  Harri s concluded, wa s becau se of the 
subjects initial strength n4 the length of the training peri od. 
On the ba si s that there wa s no significant difference between the 
ring machine group and the weight training group in the developmen·t of 
iron cros s strength , the writer believe s that either of the selected 
experimental treatments may be used as an effective method for developing 
iron cros s strength. However ,  the inve stigator recommends the ring 
machine program because of its efficiency and specificity. The ring 
machine program took only fifteen minute s per workout compared to the 
one-half hour workout time required for the weight training program. The 
9
Robert H. Harri s ,  "The Effects of Selected I sotonic and I sometric 
Exerci se s For Developing Strength For the Iron Cross" 
(unpubli shed 
Master ' s the si s Michigan State University ,  Ea st Lansing, Michiga
n , 1965) , 
p. 28. ' . 
39 
null hypothe si s stating there would be no si gni ficant differenc e among 
the selected training programs de signed to develop iron cross s trength 
wa s retained when c omparing the ring machine group to the wei ght training 
group . However ,  the null hypothe si s was rejected when c omparing the ring 
machine and the weight training group s  to the c ontrol group . 
CHAPTER V 
Sill�1ARY , CONCLUSIONS .  AND . REC OMMENDATIONS 
Summary of the Study 
The purp o se of thi s study wa s t o  inve sti gate the effects of two 
selec ted training programs de signed to develop the strength for an 
iron cro s s  on the still ring s .  Two trea tments were admini stered t o  two 
different experimental group s  and a c ontrol group wa s als o  utilized. 
The sub ject s were thirty-five volunteers selected from male 
students enrolled in the ba sic instruc tion program at South Dakota State 
Univer-sity during the spring seme ster of 1972. The study wa s limited t o  
a nine-week c ondi ti oning period in whi ch the two experimental group s  
trained three days per week . All sub j ects were randomly a s signed t o  one 
of the group s : twelve sub jec ts to the weight training group , eleven · 
subject s to the ring machine group , and twelve subjec t s  t o  the c ontrol 
group . 
The following hyp oth e si s wa s inve stigated : there i s  n o  significant 
differenc e  among the selected training programs de signed to deve l op the 
nece s sary s trength to perform an iron c r o s s  on the still ring s . 
The subje c t s  were te sted before the training peri od ( Te st I ) , 
and at we ekly interval s  for nine week s thereafter until the firial test 
( Te st IX) .  The subjects were also given a practical iron cro s s  te st 
during the sixth ,  eighth , and ninth week of the training program to 
determine if there wa s enough strength improvement t o  hold the i r on cros s .  
The specific weight training program followed in thi s study 
c on si sted of exerci sing with weights on the Univer sal Gym and with 
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barbells for a nine week peri od ,  three days per week . The exer ci se s  per­
formed were the bench pre s s ,  the military pre s s , bent r owing , and the 
latti ssimus exerci se . The subjects worked at a six r,epetiti on maximum 
which was e stabli shed from a one repetition maxi.mum on each exercise 
taken every Monday of e ach week . Eighty-percent of the one repetition 
wa s utilized as the work-out weight. 
The specific r�ng machine program followed in thi s study c on-
si sted of exerci sing on a homemade ring machine for nine week s ,  three 
time s per week . The se subjects also worked at a six repetiti on maximum 
which was e stabli shed from a one repetiti on maximum taken every Monday of 
each week . Thre e bout s of thi s exerci se were performed each workout 
period. 
The analysi s of c ovariance stati stical technique was used to 
N 
c ompare the strength change s among the three group s from Te st I t o  
Te st IX . The Scheffe ' s c ompari son wa s then used to locate the significant 
difference between the re spective group s .  The . 05 level o f  c onfidence 
was acc epted a s  the minimal level needed in order for a differen c e  to . be 
significant.  
The analysi s o f  the re sults indic ated that . the weight training 
group and the ring machine group showed significant improvement s over the 
control group in iron cros s  strength .  However ,  there wa s no signifi c ant 
differenc e  betwe en the weight training group and the ri
ng machine 
training group . No subject actually performed an iron cross a s  indi c ated 
by the re sult s of the practical iron cro s s  tests . 
Sinc e  there was no signific ant difference between the wei ght 
training group and the ring machine group in the developme
nt of i ron cro s s 
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strength the inve sti gator believe s either of the two programs sufficient 
to build i ron cro s s  strength . However, . the inve stigator does rec ormnend 
the ring machine because of its efficiency and specificity toward the 
actual performance of the iron cross . 
C onclusions 
Under the c onditions of thi s pre sent study, and within the limita­
tions de scribed , the following c onclusions were draw-n a 
1 .  Either the ring machine program o r  the weight training 
program i s beneficial in developing strength within the 
muscle s used in performing the iron cross .  
2 .  Neither the ring machine program nor the weight training 
program as admini stered was sufficient enough to develop the 
nece ssary stren�th to perform the iron cro s s .  
Rec ommendation� for Further Research 
The following rec ommendati ons  are made for further study : 
1.  That a similar study be conducted in which the c onditioning 
program i s  carried on for a longer peri od of time . 
2 .  That a similar study be conducted utilizing varsity 
gymna sts starting at the beginning of · their sea s on .  
3 .  Tha t a similar study be conducted utilizing individuals 
between the weights of one hundred twenty-five and one hundred 
and sixty pounds .  
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APPENDIX A 
DESCRIP TION OF WEIGHT TRAINING PROGRAM 
Wide Grip Bench Pre s s  
Part Exerci sed 
Shoulder hori z ontal 
nexors 
Arm exten s ors 
Primary Muscle s 
Anterior Deltoid 
Pectorali s Ma j or 
Triceps 
As sume a supine p o siti on on the bench with the head , shoulders 
and hip s c ontac ting it and the legs straddling i t ,  feet .flat on the 
floor. Use an overhand grip and gra sp the handle approximately two 
inche s from the e nd of the handle . Lower the handle to the che st and · 
pre s s  it to the straight arm po sition . No body motion i s  permitted , so 
refrain from bridging the buttocks off the bench during the pre s s .  
Inhale while pre s sing and exhale a s  the arms are locked . Six repetiti ons 
at a six repetiti on maximum weight wa s required for thi s exerci se . Thre e · 
bouts per practice peri od were executed .  
Military · Pre s s  
Part exerci sed 
Abduc tors 
Arm extensors 
Primary Muscle s 
Deltoids 
Supra spinatus 
Tri c ep s  
U sin� the overhand grip , gra sp the handle o f  the military pre s s  
stati on on the universal gym wider than shoulder width t o  one ' s  own 
discreti on . Pre s s  the handle from the shoulder po sition t o  a �ull arms 
extensi on ,  and return to the starting p ositi on .  Refrain from an 
exaggerated arching c onditi on while pre ssing the weight .  A six 
repetition maximum wa s also u sed for thi s exerci se . Three b outs per 
workout wa s al s o  utili zed. 
Wide Grip Bent Rowing 
Part Exerci sed 
Extensors 
nexors 
APPENDIX A (Continued) 
Primary Muscles 
Latissimus Dorsi 
Teres Major 
Brachialis 
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Stand with the feet shoulder width apart and bend from the wai st 
to a positi on where the upper body is parallel with the . floor. Bend 
knees slightly. Grasp the barbell with an overgrip at least five inches 
wider than shoulder width. Pull the bar upward while keeping the head 
and back in a stationary position. Do not touch the floor between 
repetitions. A six repetition maximum was used for this exercise . Three 
bouts per training period were executed. 
· 
Latissimus Exercise 
Part Exercised 
Extensors 
Fl.exors 
Primary Muscles 
Latissimus Dorsi 
Teres Major 
Pectorali s Major 
Biceps Femoris 
Assume a position on the knees,  with the arms fully extended over 
the head approximately three to four feet apart. The handle of the 
lati ssimus station was pulled down behind the neck until it touched the 
shoulders , keeping the elbows wide and bringing the forearm against the 
upper arm., then slowly extend the arms to full length back to the starting 
position. A six repetition m�"ti.mum was used in this exercise . Three 
bouts per practice se ssion were executed. . 
No specific order was initiated for executing the above exercises .  
Merely doing all the exercises per practice period was required. It was 
noted by the author that the subjects seemed to move from one exercise 
to another and hardly ever doing two bouts of the same exerci se in a row. 
For the entire group of twelve subjects to do all their exercises ,  
it took approximately one-half hour per session. . 
Scale reading 
7 • • • • • • 
8 • • • • • • 
9 • • • • • • 
10 • • • • • • 
11 • • • • • • 
12 • • • • • • 
lJ • • • • • • 
14 • • • • • • 
15 • • • • • • 
16 • • • • • • 
17 • • • • • • 
18 • • • • • • 
19 • • • • • • 
20 • • • • • • 
21 • • • • • • 
22 • • • • • • 
23 • • • • • • 
24 • • • • • • 
25 • • • • • • 
26 • • • • • • 
27 • • • • • • 
28 • • • • • • 
29 • • • • • • 
30 • • • • • • 
31 • • • • • • 
32 • • • • • • 
33 • • • • • • 
)4 • • • • • • 
35 • • • • • • 
36 • • • • • • 
37 • • • • • • 38 • • • • • • 
39 • • • • • • 
40 • 
41 
• • • • • 
• 
42 
• • • • • 
• 
43 
• • • • • 
• • • • • • 44 • 
45 
• • • • • 
• • • • • • 46 • • • • • • 47 • • • • • • 48 • • • • • • 49 • • • • • • 
APPENDIX B 
TABLE VI .  
C ONVERSION CHART FOR TENSIO�lETER #9444 
Lbs. Ten sion 
• 10 . 00 
• n . 25 
• 12 . 50 
• 13 . 75 
• 15 . 00 
• 16 . 67 
• 18. 34 
• 20 . 00 
• 21. 67 
• 23. 34 
• 25. 00 
• 26. 67 
• 28. 34 
• 30. 00 
• 31. 67 
• 33. )4 
• 35. 00 
• J6. 67 
• 38 • .34 
• 40. 00 
• 41. 67 
• 43. )4 
• 45. 00 
• 46 . 67 
• 48. 34 
• 50 . 00 
• 51 . 67 
• 53. ]4 
• 55. 00 
• 57. 50 
• 60 . 00 
• 61. 67 
• 63. 34 
• 65. 00 
• 67 . 50 
• 70 . 00 
• 71 . 67 
• 73. )4 
• 75. 00 
• 77, 50 
• 80. 00 
• 81. 67 
• 8J. 34 
(right arm) 
· 
Scale reading 
50 • • 
51 • • 
52 • • 
53 • • 
54 • • 
55 • • 
.56 • • 
57 • • 
58 • • 
59 • • 
60 • • 
61 • • 
62 • • 
6J • • 
64 • • 
65 • • 
66 • • 
67 • • 
68 0 • 
69 • • 
70 • • 
71 • • 
72 • • 
73 • • 
74 • • 
75 • • 
76 • • 
77 • • 
.78 • • 
79 • • 
80 • • 
81 • • 
82 • • 
BJ • • 
84 • • 
85 • • 
86 • • 
87 • • 
88 • • 
89 • • 
90 • • 
91 • • 
92 • • 
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Lb s .  Tensi on 
• • • • • 85. 00 
• • • • • 87 . 50 
• • • • • 90. 00 
• • • • • 92. 50 
• • • • • 95. 00 
• • • • • 97 . 50 
• • • • . 100. 00 
• • • • . 102. 50 
• • • • . 105. 00 
• • • • . 107. 50 
• • • • . 110. 00 
• • • • . 112. 50 
• • • • . n5. oo 
• • • • . 117. 50 
• • • • . 120 . 00 
• • • • . 122. 00 
• • • • . 124. oo 
• • • • . 126 . 00 
• • • • . 128. 00 
• • • • . 130. 00 
• • • • . 132 . 50 
• • • • . 135. 00 
• • • • . 137 . 50 
• • • • . 140, 00 
• • • • . 143. 50 
• • • • . 146. 50 
• • • • . 150. 00 
• • • • . 153. 50 
• • • • . 156. 50 
• • • • . 160. 00 
• • • • . 162. 50 
• • • • . 165. 00 
• • • • . 167. 50 
• • • • . 170. 00 
• • • • . 173. 50 
• • • • . 176. 50 
• • • • . 180. 00 
• • • • . 183. 50 
• • • • . 186. 50 
• • • • . 190. 00 
• • • • . 193. 50 
• • • • . 196. 50 
• • • • . 200. 00 
Scale reading 
6 • • • • • • 
7 • • • • • • 
8 • • • • • • 
9 • • • • • • 
10 • • • • • • 
11 • • • • • • 
12 • • • • • • 
13 • • • • • • 
14 • • • • • • 
15 • • • • • • 
16 • • • • • • 
17 • • • • • • 
18 • • • • • • 
19 • • • • • • 
20 • • • • • • 
21 • • • • • • 
22 • • • • • • 
23 • • • • • • 
24 • • • • • • 
25 • • • • • • 
26 • • • • • • 
27 • • • • • • 
28 • • • • • • 
29 • • • • • • 
30 • • • • • • 
31 • • • • • • 
32 • • • • • • 
33 • • • • • • 
34 • • • • • • 
35 • • • • • • 
36 • • • • • • 37 • • • • • • 
38 • • • • • • 
39 • • • • • • 4o • • 
41 • 
• • • • 
• • • • • 42 • 
43 
• • • • • 
• • • • • • 44 • • • • • • 45 • • • • • • 46 • • • • • • 
47 • 
48 
• • • • • 
• • • • • • 
APPENDIX C 
TABLE VII . 
CONVERSION CHART FOR TENSIOMETER #NA 
( left arm) 
Lbs .  Tension Scale reading 
• • 10 . 00 49 • • • • 
• • 11 . 67 50 • • • • 
• • 13 . 34 51 • • • • 
• • 15. 00 52 • • • • 
• • 16 . 67 53 • • • • 
• • 18. 34 54 • • • • 
• • 20 . 00 55 • • • • 
• • 21 . 67 56 • • • • 
• • 23. 34 57 • • • • 
• • 25 . 00 58 • • • • 
• • 26 . 67 59 • • • • 
• • 28. 34 60 • • • • 
• • 30. 00 61 • • • • 
• • 31. 67 62 • • • • 
• • 33. 34  63 • • • • 
• • 35. 00 64 • • • • 
• • 36 . 67 65 • • • • 
• • 38. 34 66 • • • • 
• • 40 . 00 67 • • • • 
41 . 67 68 
-
• • • • • • 
• • 43. 34 69 • • • • 
• • 45. 00 70 • • • • 
• • 46 . 6? 71 • • • • 
• • 48. 34 72 • • • • 
• • so . oo 73 • • • • 
• • .51 . 67 74 • • • • 
• • 53. 34 75 .• • • • 
55 . 00 76 • • • • • • 
.56 . 67 77 • • • • • • 
.58. 34 ?8 • • • • • • 
60 . 00 79 • • • • • • 
61 . 67 80 • • • • • • 
63. 34 81 • • • • • • 
65. 00 82 • • • • • • 
67 . 50 83 • • . . . • • 84 • 70 . 00 • • • • • 
71 . 67 85 • • • • • • 
86 • 7 3. 34 • • • • • 
75. 00 87 • • • • . • 
77 . 50 88 • • • • • • 
89 • 80 . 00 • • • • • 
81. 67 90 • • • • • • 
83. 34  91 • • • • • • 
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Lbs .  Tensi on 
• • • • 85. 00 
• • • • 87 . 50 
• • • • 90. 00 
• • • • 92 . 50 
• • • • 95. 00 
• � • • 97 . 50 
• • • • 100 . 00 
• • • • 102-. 50 
• • • • 105. 00 . 
• • • . 107 . 50 
• • • • 110 . 00 
• • • • 112. 50 
• • • • 115. 00 
• • • • 117 • .50 
• • • • 120 . 00 
• • • • 122 • .50 
• • • • 125. 00 
• • • • 127 . 50 
• • • • 130 . 00 
• • • • 132. _50 
• • • • 135. 00 
• • • • 137 . 50 
• • • • 140 . 00  
• • • • 142 . 50 
• • • • 145. 00 
• • • • 147 • .50 
• • • • 150 . 00 
• • • • 153 • .50 
• • • • 156 • .50 
• • • • 160. 00 
• • • • 162 • .50 
• • • • 165. 00 
• • • • 167 . 50 
• • • • 170 . 00 
• • • • 173. 50 
• • • • 176 . 50 
• • • • 180 . 00 
. • • • 183 • .50 
• • • • 186 . 50 
• • • • 190 . 00 
• • • • 193. 50 
• • • • 196. 50 
• • • • 200. 00 
5_ 3 
APPENDIX D 
TABLE VIII 
RAW SCORES ON IRON CROSS 
TENSI0}1ETER STRENGTH TESTS 
FOR THE WEIGHT TRAINING GROUP 
TEST NUMBER 
Sc ore s in pounds tension 
Initials I II III IV v VI VII VIII IX 
J , F, Left 28. 34 36, 67 33 . 34 33. Jl+ 36. 67 33. 34 33, 34  36. 67 35. 00 
arm 31 . 67 35. 00 31. 67 35. 00 36. 67 35. 00 36 . 67 35. 00 33. 34 
Right 30 . 00 40 . 00 40 , 00 36. 67 36. 67 38. )4  40 , 00 40. 00 40� 00 
arm 36. 67 40. 00 )6. 67 35. 00 40. 00 41. 67 41 . 67 41. 67 38 • .34 . 
Total 
Mean 63. 34 75. 84 70 . 84  70 . 01 75. 01 74. 18 75. 84  76. 67 73. 34 
Score 
B , N ,  Left 26. 67 31. 67 35. 00 35. 00 36. 67 33, 34 33. 34 30 . 00 38, 34 
arm 23, 34 35. 00 36. 67 33. )4 31. 67 28. 34 28. 34 35. 00 36 . 67 
Ri ght 25. 00 33. 34  28, Y,, 33. )4 28. Y,. 31. 67 31 . 67 33. 34 33 • .34 
arm 23, 34  33, 34 28. 34 30. 00 25. 00 26. 67 26. 67 26 . 67 33. 34 
Total 
Mean 49 . 18 66. 68 64 . 18 65. 84 60. 84 60. 01 60. 01 620 51 70 . 85 
Sc ore 
G . B .  Left 30 . 00  36. 67 31 . 67 38. 34 35. 00 36. 67 JB. 34  38. 34 41 . 67 
arm 33. 34 38. )4 35. 00 38. 34 35. 00 40. 00 38. 34 �o. oo 41. 67 
Right 33, 34  360 67 46 . 67 43. 34 38. Y,. 40. 00 45. 00 41. 67 45. 00  
arm 33. 34 45. 00 38. )4 40. 00 38. 34 41. 67 4.3. 34 4J. J4 41. 67 
Total 
Mean 6.5. 0l 77 . 78 75. 84 80 , 01 73. 34 79. 17 82 . 41 81, 68 85. 01 
· Score 
APPENDIX D (C ontinued) 
TEST NUMBER 
Sc ore s in pounds tension 
Initials I II III IV v VI VII VIII IX 
A . J .  Left 46 . 67 43 . 34 53. 34 56 . 67 53, 34 57 . 50 55. 00 48. J4 53. J4 
arm .50 . 00 46 . 67 46 . 67 51 . 67 51. 67 50 . 00 50. 00 50. 00 50 . 00 
Right 45. 00 45. 00 43. 34 46. 67 50 . 00 45. 00 46. 67 48. 34 53. 34  
arm 46 . 67 46 . 67 46 . 67 45. 00 46 . 67 46 . 67 41. 67 45. 00 4J. J4 
Total 
Mean 94 . 17 90 . 84  95. 01 100 . 01 100 . 84  99. 59 96 . 67 98. J4 lOO ;Ol 
Score 
G , F ,  Left 38. J4 38 . J4 36 . 67 36 . 67 40. 00 38. 34 38. J4 43 . 34 45. 00 
arm 33. 34 33 . 34 35. 00  36 . 67 38. 34 40 . 00 45. 0 0  41. 67 4J. J4 
Right 41. 67 41 . 67 38. J4 41. 67 40 . 00 40. 00 45. 00 41 . 67 46 . 67 
arm 30 . 00 35. 00 J8. J4 38. 34 36. 67 40 . 00 48. 34 41. 67 45. 00 
,. 
Total 
Mean 70 . 0l 74 . 18 74. 18 76 . 68 77 , 51 79. 17 88 • .34 84. 18 90 . 01 
Sc ore 
D. K .  Left 48. J4 48. 34 46 . 67 .53. 34 .so. oo 51 . 67 53, 34 53. 34 53. 34 
arm 48. 34 48. 34  .so. oo .so . oo 50 . 00 53. 34 51 . 67 .51 . 67 51 . 67 
. Right 50. 00 50 . 00 .53. J4 .53 . J4 51 . 67 48. 34 53. 34 51. 67 46 . 67 
arm 53. 34 50 . 00 50. 00 .55. 00 50 . 00 46 . 6? 51. 67 51. 67 46 . 67 
Total 
98 • .34 100, 01 105. 84 100. 84 100. 0l 105. 01 104. 18 Mean l00 , 01 99 . 18 
Score 
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APPENDIX D (C ontinued) 
TEST NUMBER 
Sc ore s in __ pounds tension 
Ini .ials I II III IV v VI VII VIII rx· 
T . R. Left 48. 34 45. 00 40 . 00 38. )4 36. 67 45. 00 4J. J4  41. 67 50 . 00 
arm 4J. J4 36. 67 30. 00 41. 67 40. 00 4J , J4.  40 . 00 45. 00 45. 00 
Right 50 . 00 50. 00 4J. J4  38 • .34 36. 67 48. 34 46. 67 55. 00 50. 00 
arm 51. 67 50. 00 40. 00 45. 00 45. 00 45. 00 46 . 67 53. 34 46. 67 
Total 
Mean 96 . 68 90 . 84  76. 67 81. 68 79. 17 90. 84 88. 34 97. 51 95 • . 84 
Score 
D. C .  Left 43. J4 40. 00 43. 34 45. 00 46. 67 43. 34 43. 34  43. 34
· 45. 00 
· arm 36. 67 41. 67 43. 34 48. 34 45. 00 43. 34 46. 67 46 . 67 45. 00 
Right 45. 00 51. 67 43. 34  50. 00 48. 34 48. 34 48. 34 45. 00  46. 67 
arm 45. 00 50. 00 45. 00 50. 00 46 . 67 46 . 67 53. 34 46 . 67 46. 67 
Total 
Mean 85 . 00 91. 68 87 . 51 96. 67 93. 34 90. 85 95. 85 90 . 84 91. 67 
Score 
J . R. Left 36 . 67 40. 00 46. 67 41. 67 46. 67 46. 67 43. 34 41. 67 45. 00 
arm 36 . 67 40. 00 4J. Y+  45. 00 46. 67 43. 34 4J. 34 43 • .34 43. 34 
Ri ght J8. 34 40. 00 45. 83 45. 00 4,5. 00 43. 34 43. 34  
45. 00 43. 34 
arm 40 . 00 41. 67 38. Jl+ 41. 67 45. 00 41 . 67 . 4J. 34 
45. 00 45. 00 
Total 86. 68 88. 34 Mean 75. 84 80. 84  87 . 60 86. 67 91. 67 87 • .51 
87 . 51 
Score 
56 
APPENDIX D (C ontinued ) 
TEST N UMBER 
Sc ore s in pounds ten si on 
Initials I II III IV v VI VII VIII IX 
R, 0, Left 38. 34 38. 34 41 . 67 45. 00 41. 67 38. 34 33. 34 35. 00 43. 34 
arm 35 . 00 36 . 67 41. 67 1+3. 34 38. 34 38. 34 36 . 67 36 . 67 41 . 67 
Right 33, 34 41. 67 4J. J4 45. 00 46 . 67 48. 34 40. 00 46 . 67 48. 34 
arm 40, 00 J8. J4 45. 00 46 . 67 43. 34 45. 00 45. 00 45. 00 4J. J4 
Total 
Mean 73. 34 77 . 23 85. 84 90 . 01 85 . 01 85. 01 77 , 51 81. 67 88. 35 
Sc ore 
D. B .  Left 35. 00 40. 00 38. J4 J8. J4 40. 00 4J. J4 45. 00 45 . 00 40. 00 
arm 36. 67 40 . 00 43. 34 38. 34 40 . 00 40 . 00 43, 34  41 . 67 41. 67 . 
Right 30. 00 40. 00 43. )4 38. )4 40. 00 40. 00 41. 67 46 . 67 43. 34 
arm 36 . 67 48. )4 4J, J4 40. 00 40. 00 LW , 00 41. 67 43 . 34 40 . 00 . 
Total 
Mean 69 , 17 84. 17 84. 18 77. 51 80, 00 81. 67 85 • . 84 88. 34 82 . 51 
Sc ore 
L , G ,  Left 45, 00 43. 34  46 . 67 45. 00 46 . 67 46. 67 50 . 00 41. 67 50. 00 
arm 43, 34 4J, J4 48. )4 50. 00 48. 34 48. 34 50. 00 50. 00 50 . 00 
Right 46 . 67 55. 00 62 • .50 . 50 . 00 63. J4 6J. J4  60. 00 
51. 67 50 . 00 
arm 48. 34 53. 34 50. 00 48. 34 53. 34 53. 34 ·  61 . 6
7 57 . 50 .50 . 00 
Total 
Mean 91 . 68 97. 51 lOJ, 7 5  96. 67 105. 8.5 10.5. 85 110 . 84  105. 42 1
00 , 00 
Score 
Initials I 
B.L.  Left 28, )4 
arm 25. 00 
Right 30. 00 
arm 28. 34 
Total 
Mean 55, 84 
Score 
J·, F • Left 45. 00 
arm 45, 00 
Right 45. 00 
arm 46 . 67 
Total 
Mean 90. 84 
Score 
S. P . Left 33, 34 
arm 38. 34 
Right JJ. 34 
arm. J8. 34  
Total 
Mean 71. 68 
Score 
APPENDIX E 
TABLE IX · 
RAW SCORES ON IRON CROSS 
TENSIOMETER STRENGTH TESTS 
' FOR THE RING MACHINE GROUP 
TEST NUMBER 
Scores in pounds tension 
II III IV v VI 
30. 00 30. 00 31. 67 35. 00 33. 34 
31. 67 30 . 00 31. 67 36. 67 31. 67 
33. 34 30. 00 33, 34 35. 00 28. 34 
33, 34  28. )4 36. 67 33. 34 30. 00 
65. 68 59. 17 66. 68 70. 01 61. 68 
50. 00 46 ... 67 53, 34  56. 67 56. 67 
45. 00 50. 00 55. 00 55. 00 5J. J4 
50. 00 48. )4 50. 00 51. 67 55. 00 
48. )4 46. 67 50. 00 .53. J4 46. 67 
. 57 
VII VIII IX 
33. 34 30 . 00 35. 00 
30. 00 33. 34 J3 . 34 
Jl. 67 31. 67 30 . 00 
35. 00 35. 00 35. 00 
65. 01 65. 01 66. 67 
56. 67 55. 00 56. 67 
55. 00 55. 00 53. 34 
60. 00 48. 34 50. 00 
57 . 50 48. 34 51. 67 
96. 67 95 . 84  106 . 67 108. )4 105. 84  114. 59 103. 34 105. 84  
40. 00 40. 00 38, J4  45. 00 43. 34- 46. 67 40. 00 43. 34  
40, 00 41. 67 46 . 67 45. 00 45. 00 47 . 67 41. 67 43. 34 
43. 34 41. 67 43. 34 46. 67 46. 67 43. )4  43. 34  
43. 34  
43. 34 45. 00 46. 67 4.5. 00 45. 00 41. 67 4J. 34  
45. 00 
83 . 34 84. 17 87 . 51 90. 84 90. 01 89. 18 84, 1
8 38. 51 
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APPENDIX E (C ontinued)  
TEST NUMBER 
Sc ore s in p ounds tensi on 
Ini tial s I II III IV v VI VII VIII IX 
D . A .  Left 36. 67 40 . 00 38. 34 4J. J4 40. 00 40 . 00 43 . 34 43. 34  43 . 34 
arm 38. YJ- 40. 00 40 . 00 4J. J4 36. 67 l}O . 00 41. 67 41 . 67 · 36. 67 
Right 33. 34 J8. J4 41. 67 40 . 00 45. 00 380 34 41. 67 45. 00 lJ.O. 00  
a rm  J3. J4  J8. J4 41. 67 Li.6 . 67 46. 67 40, 00 41. 67 45. 00 38. J.4 
Total 
Mean 70. 85 78 • .34 80. 84  86. 68 84. 17 79 . 17 84. 18 87 . 51 79. 18 
Sc ore 
R . F. Left 36 . 67 40. 00 40 . 00 38. 34 38., Jl+  41 . 67 41. 67 40 . 00 41. 67 
arm 36 . 67 40 . 00 40 . 00 38. 34 41 . 67 40 . 00 J8. 34  40. 00 43. 34 
Right 41 . 67 46. 67 45. 00 45. 00 45. 00 .50. 00 45. 00 48. 34 46. 67 
arm 41 . 67 45. 00 45. 00 45. 00 46 . 67 50 . 00 .50 . 00 46. 67 48. 34 
Total 
Mean 78 . 34 85. 84 85. 00 83. 34 8.5. 84 90 . 84 87 • .51 87 . 51 90. 01 
Sc ore 
M . B .  Left 26 , 67 JJ . 34 36 . 67 35 . 00 35. 00 33. 34 38. )4 J8. J4 36 . 67 
arm 26 . 67 30 . 00 36 . 67 J.5. 00 31. 67 33 . 34 38. 34 36. 67 36 . 67 
Right 28. 34 30. 00 35. 00 45. 00 38. ]4 41. 67 40. 00 41. 67 40. 00 
arm 3la 67 26. 67 31 . 67 41 . 67 36 . 67 36. 67 .  38. ]4 4J. 34 36 0 67 
T otal 
Mean 56 . 68 61. 51 70 . 01 78. ]4 70 . 84 72 . 51 770 51 80. 01 75. 01 
Sc ore 
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APPENDIX E (C ontinued) 
TEST NUMBER 
Sc ore s in pound s tension 
Initial s I II III IV v VI VII VIII IX 
R. R. Left 30 . 00 30 . 00 30 . 85 33. 34 31. 67 31. 67 33 . 34  36. 67 36 . 67 
arm J0 . 00 30 . 00 30 . 00 JJ. 34 33. 34 33, )4  33, 34 JJ. 34  36 . 67 
Right J8, J4 38. )4  46 . 67 33 . )4 40 . 00 40 . 00 36. 67 38. )4 40 . 00 
arm 33. 34  J8 . J4 36 . 67 31. 67 36. 67 36 . 67 36. 67 35. 00 36 . 67 ·-
Total 
Mean 68. )4 68. )4 72 . 09 65. 85 70 . 84 70. 84  70. 01 71. 68  75. 01 
Score I 
P . P .  Left 36 . 67 38 . )4 45. 00 43. )4  40 . 00 45. 00 46 . 67 . 43. 34 46. 67 
arm 38. )4 38. )4 4J . J4 45. 00 40. 00 45. 00 43. 34  46 . 67 45. 00 
Right 45. 00 40 . 00 45 . 00 46 . 6? 46. 67 48. 34 46. 67 46 . 67 46. 67 
arm 46 . 67 46 . 67 46. 67 46 . 67 46 . 67 46. 67 46 . 67 46 . 67 48. 34 
.. 
Total 
Mean 83. 34 81 . 68 90 . 01 90 . 84 86 . 67 92 . 51 91. 68 91. 68 93. 34 
Sc ore 
C , T, Left 40. 00 40. 00 35. 00 4J. J4 45. 00 4J. J4 46 . 67 46 . 67 48 • .34 
arm 41. 67 38. )4 33 . )4 J8. J4 41. 67 41. 67 45 . 00 46. 67 45. 00 
Right 41 . 67 45. 00 41 . 67 45. 00 43. 34  4J. J4 45. 00 43. 34 4J. 34 
arm 4J. J4 48. )4 40 . 00 43. 34 40. 00 46 . 67 4J. 34 45. 00 40 . 00 
Total 
Mean 83, 34 85. 84 75. 01 85. 01 85. 01 87 . 51 90. 01 90 . 84 88. 34 
Score 
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APPENDIX E (C ontinued) 
TEST NUMBER 
Sc ore s in pounds tension 
Initial s I II III IV v VI VII VIII IX 
S , E ,  Left 41 , 67 40 . 00 35 , 00 38. 34 36 . 67 33. 34 38. 34 38. 34 40. 00 
arm 43 ,  J4 41 . 67 36 . 67 35 . 00 38. )4 JB. 34 40 , 00 38. 34 41. 67 
Right 48. 34 40 , 00 41. 67 45, 00 36 . 67 40, 00 40, 00 43. 34 43. 34 
arm .50, 00 43. 34 43, 34 45. 00 35. 00 43. 34 41. 67 45. 00 41 . 67 
Total 
Mean. 91 . 68 82 • .51 78. ]4* 81. 67* 7 3 . 34* 77 , 51 80 . 01 82 • .51 83. 34 
Sc ore 
A. D, Left 33, 34 33 , 34 33 . 34 38. 34 41 . 67 43. )4 4J . 34  38. Y+ 38. 34 
arm 33 , 34 31. 67 31 . 67 38. y.� 43, 34 45, 00 46 , 67 43 , 34 4J. J4 
Right 43. 34 46 . 67 46 , 67 46 , 67 .so. oo 53, 34 53 , 34 48.34 48 . 34 
arm 43 , 34 4J, J4 · 4�. 34 46 . 67 .so. oo 50. 00 50. 00 51 . 67 51. 67 
Total 
Mean 76 , 68 77 , 51 77 , 51 85 . 01 92. 51 95. 84 96 . 68 90. 85 9
0 . 85 
Sc ore 
*S . E ,  had an injured shoulder during thi s  peri od ,  
Initials 
J . A .  
s . s .  
B . R. 
APPENDIX F 
TABLE X · 
RAW SCORES ON IRON CROSS 
TENSIOMETER STRENGTH TESTS 
FOR THE CONTROL GROUP 
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TEST NUMBER 
Score s in pounds tension 
Pre -te st Po st•test 
Left arm 36 . 67 40 . 00 · 
36 . 67 J6 . 67 
Right arm 36 . 67 41 . 67 
J5. 00 40 . 00 
T otal 
Mean Score 72 . 51 79. 17 
Left arm 41 . 67 4J. J4 
41 . 67 41. 67 
Ri ght arm 40 . 00 41. 67 
40 . 00 41. 67 
Total 
Mean Sc ore 81 . 67 84. 18 
Left arm 33. 34 35. 00 
33. )4 35 . 00 
Right arm 30. 00 Jl . 67 
JJ • .34 33. Jl+ 
Total 67 . 51 Mean Sc ore 65 . 01 
62 
APPENDIX F (C ontinued) 
TEST . NUMBER 
Score s in pound s tension 
Initials Pre-te st Post-test 
D. A .  Left arm 
G . A .  
R. O .  
Right arm 
Total 
Mean Sc ore 
Left arm 
Right a.rm 
Total 
Mean Score 
Left a.rm 
Right arm 
Total 
Mean Sc ore 
35. 00 
41 . 67 
46 . 67 
.�6 . 67 
85. 01 
36. 67 
33 . 34 
26 . 67 
28. )4  
62. 51 
4J. J4 
4J. J4 
45. 00 
43. 34 
87 . 51 
41. 67 
38. 34 
46. 67 
45. 00 
85 . 84  
36 . 67 
38. 34 
30 . 00 
30 . 00 
67. 51 
45. 00 
4J. J4  
43. 34 
41. 67 
86 . 68 
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APPENDIX F (Continued ) 
TEs·r NUMBER 
Scores in pounds tension 
Initials Pre-test Post-test 
K . S. Left arm 
M. L.  
C . M. 
Right arm 
Total 
Mean Score 
Left arm 
Right arm 
Total 
Mean Score 
Left arm 
Right arm 
Total 
Mean Score 
36 . 67 35. 00 
35 . 00 35. 00 . 
33 . 34 33. 34  
33. 34 35. 00 
69. 18 69. 17 
40. 00 33. 34 
41. 67 36. 67 
38. )4 35 . 00 
38. )4 40. 00 
79 . 18 72 . 51 
26. 67 26 . 67 
J0. 00 28. 34 
JJ. 34 35. 00 
38. )4 40. 00 
64. 18 65. 01 
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APPENDIX F (C ontinued) 
TEST NUMBER 
Sc ores in pounds tension 
Initials Pre-test Post-test 
D. S .  Left arm 
Right arm 
Total 
Mean Sc ore 
T. N. Left arm 
Right arm 
Total 
Mean Score 
J . W. Left arm 
Right arm 
T otal 
Mean Sc ore 
J0 . 00 
J0 . 00 
33. 34 
. J.5. 00 
64. 17 
41 . 67 
40. 00 
31. 67 
JB. 34 
75 . 84 
JB. 34 
35. 00 
45. 00 
28. 34 
73. 34 
J0. 00 
30. 00 
J.5 . 00 
33. 34 
64. 17 
J8 . J4 
40. 00 
33 . )4 
38. J4 
75. 01 
35. 00 
38. 34 . 
45. 00 
30 . 00 
74. 17 
Subject 
J . F .  
B . N .  
G. B .  
A. J .  
G, F .  
D . K . 
T . R . 
D. c .  
J� R.  
R. o.  
D. B . 
L. G, 
MEAN 
APPENDIX G 
TABLE XI 
INDIVIDUAL SCORES OF STRENGTH IN 'I'ESTS I A..�D IX 
FOR THE iVEIGHT TRAINING GROUF 
Test I Test IX 
Bench Bent Bench 
Press  Rowing Pre ss 
( lbs . ) (lbs . )  (lbs. ) 
170 110 180 
100 120 130 
130 120 1.50 
150 120 200 
130 120 170 
.. 
140 120 160 
170 120 200 
130 110 160 
140 130 180 
130 135 160 
120 110 150 . 
150 160 170 
138. 333 122. 917 167. 503 
65 
Bent 
Rowing 
( lbs . )  
120 
150 
165 
170 
160 
17.5 
175 
140 
160 
155 
130 
170 
155. 833 
Subject 
J . F. 
B,N,  
G ,B .  
A. J .  
G, F. 
D. K . 
T . R  • .  
D.c . 
J , R. 
R. o.  
D,B, 
L , G ,  
MEAN 
-
APPENDIX G 
TABLE XI . 
INDIVIDUAL SCORES OF STRENGTH IN TESTS I AND IX 
FOR THE WEIGHT TRAINING GROUP 
TeGt I Test IX 
La.ti ssimus Military Latissimus 
Exerci se Pre ss Exerci se 
(lbs. ) (lbs. ) (lbs. ) 
130 140 160 
140 100 160 
110 no 170 
150 130 200 
140 130 170 
140 140 200 
160 140 200 
140 130 170 
150 130 170 
130 130 170 
130 100 1.50 . 
140 1.50 180 
138. 333 1 27 . 500 175. 000 
66 
Military 
Pre ss 
(lbs. ) 
130 
120 
no 
1.50 
150 
160 
160 
140 
160 
140 
130 
170 
143. 333 
Subject 
B . L . 
J. F ,  
S . P .  
D . A .  
R. F .  
M. B .  
R. R.  
P . P .  
C , T .  
S .  E. 'l 
A. D.  
MEAN 
APPENDIX H 
TABLE XII 
INDIVIDUAL SCORES OF STRENGTH IN TEST I AND IX 
FOR THE RING MACHINE GROUP 
Te st I 
(lbs. ) 
60 
90 
50 
.5.5 
60 
.50 
60 
70 
60 
55 
55 
60 . L�.5.5 
67 
Te st IX 
(lbs . ) 
95 
110 
75 
85 
90 
80 
75 
110 
95 
85 
6.5 
87 . 727 
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APPENDIX I 
TABLE XIII 
INDIVIDUAL SCORES OF STRENGTH ON TESTS I THROUGH IX 
OF THE RING MACHINE APPARATUS 
IN POUNDS 
Sub-
ject I II III IV v VI VII VIII IX 
B . L . 60 60 60  75  75 75 90 95 95 
J . F .  90 95 100 100 100 105 105 105 110 
S . P .  50 70 70 70 70 70 70 70 75 
D. A. 55 55 65  65 70 75 80 80 85 
R. F.  60 70 75 75 80 85 85 85 90 
M. B ,  50 60 65 65 70 75 75 80 80 
R . R .  60 55 55 - 55 70 75 75 75 75 
P . P .  70 80 85 85 95 100 llO - 100 110 
C . T . 60 70 70 70 75 85 90 90 95 
S . E ,  55 60 60* 60* 60 * 85 85 85 85 
A, D , 55 60 60 70 . 75 75 75 65 65 
MEAN 60. 455 66 . 818 69 , 545 71 . 8. 8 76 . 364 82 , 273 · 85. 455 84 • .545 87. 727 
*Denotes injured shoulder for that week 
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APPENDIX J 
TABLE XIV 
RAW DATA FOR SUBJECTS WEIGHT 
Initial Final 
Subject Weight Weight 
J . F .  145 140 
B . N .  163 170 G , B . 146 145 
A . J . 172 176 Weight Training G . F .  170 168 Group D. K .  175 174 
T. R.  157 161 
D. C .  166 164 
J . R . 174 172 
R . O .  155 150 
Means 162 . 3  166 . 22 
B . L .  151 152 
J . F. 175 173 
S . P .  151 151 
D . A ,  142 145 Ring Machine R. F. 165 163 Group M. B .  153 150 
R . R.  164 162 
P . P .  173 175 
C , T .  164 162 
S . E .  171 170 
A . D. 165 165 
Mean s 161 . 18 161 . 64 
J , A . 168 165 
s . s . 166 165 
B . R . 165 164 
D. A .  156 155 
G. S .  141 134 
Control R. O .  159 158 Group K . S . 152 151 
iv!, L .  163 162 
C . M. 160 159 
D. S .  156 155 
T . N .  158 157 
- J . w. 16� 165 Means 
157 . 41 157 . 33 
